Males and females often differ in their susceptibility and exposure to infection. Thus, they may also differ in their ability to avoid infection. The beetle, Tenebrio molitor, risks infection with cysticercoids when ingesting rat feces containing eggs of the tapeworm, Hymenolepis diminuta. Previous studies demonstrated that beetles sometimes prefer infective feces suggesting that the tapeworm influences the foraging behavior of beetles. After recording beetle movement in an arena containing infective and uninfective feces for one hour, sex main effects were not significant, but the effect of sex asked in trials was significant for males. Specifically, more male beetles occurred on the uninfective bait than on the infective bait. This observation suggests that male beetles avoid infective feces, which decreases their probability of infection with H. diminuta. If the cost of infection is higher in males, then selection to avoid infective feces may act more strongly on males.
INTRODUCTION
In general, male vertebrates tend to show a greater intensity and prevalence of parasites than females [1] [2] [3] , while the same pattern is not observed as commonly in invertebrates [4] . However, there are some exceptions in which experimentally infected arthropods result in a male infection bias [5] [6] [7] . This male infection bias in invertebrates may be linked to differences in infection susceptibility that are immunological [8] [9] , differences in infection exposure that are behavioral [10] [11] , or some combination [12] . If susceptibility and exposure to infection differs by sex, then does avoidance of infection also differ by sex? The beetle-tapeworm system lends itself to the study of this question.
In the tapeworm Hymenolepis diminuta, adults live in the small intestines of rodents, the definitive host. Eggs pass out of the rodents in their feces. The cysticercoid, or larval stage, occurs in an insect (the intermediate host, most often a beetle) that becomes infected by feeding upon infective feces. The rodent completes the cycle when it ingests an infected beetle. Thus, the success of this parasite depends on rodent-to-beetle transmission, which depends upon consumption of the egg stage by the beetle.
Prior studies [13, 14] tested the fecal preference of groups of beetles, but did not examine unisex groups of beetles. One study [15] tested the fecal preference of tapeworm-infected male and female beetles (Tenebrio molitor) both in groups and as individuals. Only one study [5] examined unisex groups of uninfected beetles (T. molitor), which allows for sex comparisons while eliminating potentially confounding interactions between the sexes during the preference trial. The purpose of this study is to assess the relative importance of sex in fecal preference by recording beetle movement in an arena containing infective and uninfective feces at one-minute intervals for one hour.
MATERIALS AND METHODS
The "OSU Strain" [16] of H. diminuta was maintained in male Sprague-Dawley rats and beetles (T. molitor). Three rats were infected with 30 cysticercoids and maintained on commercial rodent chow and water. Three additional rats, obtained from the same commercial source, of identical age and from the same litter, were maintained under the same conditions as the infected rats to serve as the source of control (uninfective) feces. On the morning of the trials, rat cages were checked every 10 minutes, and fecal pellets were collected with forceps to minimize contamination by rat urine. After each trial, the infective fecal pellets were examined to verify the presence of H. diminuta eggs.
Beetles were maintained on wheat bran, and small pieces of potato were added to the cultures on a regular basis. Pupae were removed from the cultures, and male and female pupae [17] were placed in separate dishes containing wheat bran. Beetles that emerged during a 24 h period were collected such that a daily cohort of beetles was maintained for both sexes.
Before the trial, seven to ten day-old male and female beetles (starved for two to three days) were placed in unisex groups of ten. To mitigate pseudo-replication, twelve groups of each sex were used in the preference trial in an alternating sequence. Each group was placed under a glass bowl in the center of a plastic arena under red light conditions. Beetles were provided with two types of bait: uninfective (control) or infective feces both of which had been collected within 10 minutes of defecation and randomly paired. Control feces were positioned randomly either in areas 1 and 3 or 2 and 4 ( Figure 1 ) and infective feces were positioned in the opposing areas. A paper towel was used to mash the fecal pellets on the squares to prevent their displacement by beetles during the trial. Each bait area (25 mm 2 ) was large enough for all beetles to occur simultaneously and was located in a quadrant containing no bait (defined as a non-bait area). After 15 minutes, the bowl was removed and the beetles' movements were videotaped for 60 minutes under red light conditions. During video play back, the number of beetles observed at each bait area (square) and non-bait area (quadrant) was recorded at one-minute intervals. These occurrences were then summed over the 60 minute trial to obtain the total number of beetle occurrences at infective and control baits as well as non-bait areas.
Preference was measured as the difference between the number of beetles occurring at infective and control baits at each minute of the 60 minute trial. The same calculation was performed for the number of beetles occurring in non-bait areas. These differences in the number of beetle occurrences in the bait and non-bait areas were analyzed with the Mixed procedure in SAS (v.8, Cary, NC) with sex and trial as class variables and sex nested in trial as a random effect. The response variable was defined as the number of beetles at control bait/non-bait minus the number of beetles at infected bait/non-bait. Thus, a difference of zero indicates no preference.
The maximum proportion of female and male beetles occurring at the bait areas for each 60-minute trial was plotted against the average proportion of beetles at the bait areas (after an arcsine square root transformation for both proportions), and the slopes were compared. The same was done for the maximum proportion of female and male beetles occurring in the non-bait areas.
RESULTS
The number of beetle occurrences did not differ between males and females in bait (Table 1 ; Mixed procedure, P = 0.159) or non-bait areas (P = 0.873). However, more males occurred at the uninfective bait than at the infective bait (X ± SE = 1.58 ± 0.54, P = 0.008), while females did not differ in the number of occurrences at either bait (X ± SE = 0.46 ± 0.54, P = 0.412). The number of beetle occurrences in the non-bait areas did not differ between infected and control halves of the arena for males ( Table 1 ; X ± SE = 0.30 ± 0.28, P = 0.292) or for females (X ± SE = 0.24 ± 0.28, P = 0.403).
In a plot of the maximum number of beetles at each bait area against the average number of beetles at each bait area (data from Table 2), the slopes did not differ between males and females at the infective (F 1, 20 = 0.045, P = 0.834) or the control bait areas (F 1, 20 = 2.75, P = 0.113). In a plot of the maximum number of beetles in each non-bait area against the average number of beetles in each non-bait area (data from Table 3), the slopes Figure 1 . Diagram of the test arena for groups of beetles. Alternative baits were placed in the square bait areas located in four quadrants. Position of the control feces was determined randomly (e.g., either squares 1 and 3, or 2 and 4). Each bait area was 25 mm 2 and located in a quadrant containing no bait defined as a non-bait area. The diameter of the center circle was 64 mm and the distance from its center to the edge of a square was 75 mm. Table 2 . Total number of beetles occurring at each bait type (infected or control) summed over the entire 60 minute trial (range in parenthesis) with mean number of beetles (standard errors in parenthesis). Table 3 . Total number of beetles occurring in the non-bait area for each half of the arena (infected or control) summed over the entire 60 minute trial (range in parenthesis) with mean number of beetles (standard errors in parenthesis).
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DISCUSSION
The presence of parasites often restricts host movement [18, 19] . In this study, male and female beetles did not differ in the number of occurrences in the non-bait regions suggesting that beetle movement is not restricted by the presence of feces or tapeworm eggs. Thus, fewer beetles at the infective feces suggest that male beetles avoid infective feces rather than feces in general. It is unlikely that the control bait repels males since the total number of males in the non-bait regions did not differ between infected and control halves of the arena. Also, male and females did not differ in the maximum number of occurrences at either the infective or control baits. This indicates that both sexes behave similarly when foraging in unisex groups, minimizing concern about the confounding influence of social interactions. Overall, these data indicate that male beetles avoid infective feces while females show no preference. Two experiments with T. molitor examined the costs of infection on fertility. In the first, males mated singly with infected females produced an average (n = 30) of 115.2 ovulated eggs, while males mated with uninfected females produced an average (n = 30) of 127.9 ovulated eggs [20] . In the second, females mated singly with infected males produce an average (n = 7) of 37 larvae while females mated with uninfected males produce an average (n = 13) of 63.7 larvae [21] . Additionally, infected male T. molitor are less attractive to females [21] and exhibit a lowered response to pheromone produced by uninfected females [22] . Thus, infection in males not only results in less reproductive success, but infected males are less likely to mate with a female.
Further, experimental infections of T. molitor indicate that males are more susceptible to infection than females [5] , although this may not be true in some strains of Tribolium confusum and Tribolium castaneum [23] . In addition, males are more exposed to infection when they consume more food [24] . If males are more susceptible and exposed to infection and incur a greater reproductive cost once infected, then selection to avoid infective feces may act stronger on males than on females. Females also incur a cost when infected [20] and so may also avoid infective feces, but this behavior was not detected in this experiment.
Beetle age may factor into the relative cost of infection. The finding that starved male beetles avoid infective feces only partially agrees with Pappas et al. who found that fed male beetles avoid infective feces while more fed and starved females fed upon infective feces [5] . Pappas et al. tested 14-18 day old beetles whereas this study tested seven to ten day old beetles. Repeating this experiment with recently emerged beetles could yield different results. This is because greater reproductive output occurs when female beetles are mated with males infected two days post-emergence, suggesting an example of fecundity compensation [25] . Further both males and females experience increased survivorship when infected two days post-emergence [26] . Thus, recently emerged beetles may experience less selective pressure to avoid infective feces.
Although the results suggest that males avoid infective feces, the effectiveness of this avoidance behavior in natural settings needs examination because one study of natural populations of Tenebrio molitor found that 51% of males were infected as opposed to 41% of infected females [27] . Also, beetles produce both sex and aggregation pheromones [28, 29] , which could influence individual foraging behavior, suggesting a need for experiments that track marked individual beetles.
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